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B order to atudy the effec t  of fuel p r o p r t i e e  on carbon 
deposition Fn Jet-pmp.~l~Lon-eng-ine C0311bUstOr8, an investigation 
was conducted with seven fuels - kerosene, Diesel fuel o i l ,  to l -  
uene, xylene, 62-octane gasoline, a ccanmercial eolvent , and 
AN-F-32 (JP-1 )  - in an 1-16 engine a t  s t a t i c  sea-level condi- 
t i o m  and a constant rotor eped.  Eat8 are preaented oompsring 
tke t o t a l  emban depoaited by each fuel and curve6 are  pesented 
,showing the dtst r ibut ion of  carbon deposits among the 10 cham- 
bers of the unit. Additional data show the reproducibility of 
reeults and the effect of a reduction Ln exhaust-jet-nozzle area 
on the carbon-farming tendency of kerosene. 

With the exceptfon of Diesel fuel o i l ,  carbon deposition a- 
creased wfth increasing eromatic content of the fuel. A Diesel 
fuel oil, with an aromatfc content of 1 9  prcent,  poduced carbon 
de2>osits exceeding those resulting from t h e  two L O O - p r c e n t -  
arcmatic fuel8 (toluene end xylene). NO definite relation 
between carbon depoeftion and vo la t i l i t y  was establiahed in  this 
investigation. 

INTRODUCTION 

A n  investigation t o  detemfne the ef fec ts  of fuel po,pr t iee  
on the performance of jet-propulsion enginee fa being  canducteii at 
the NACA Cleveland laboratory. !Rm general objective of thts work 
is to pmvldo data that may be used 88 a baeie f o r  detemin3q j e t -  
~Opulaion-fueL  epecifications. 

A preliminary inveetfgation planned to aacertsin  s2ecif'ically 
tho  carbon-deposition tendencies w-88 made of seven fuel8 having 
widely different properties. Several run8 a t  tbe 0ame canditians 
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were made with two fue le  in order t o  determine the  reproducibility 
of the tes t   resu l t s .  The investigation was made i n  an 1-16 j o t -  
proTuleion engine, which m a  used for the 3.nvestigatian reported In 
reference 1. Tlze engine WBB opra ted  a t   s t a t i c  sea-level. c a d i t i o n s  
corresponding  approximately to noma1 take-off f o r  the 1-16 engine. 

A detailed deecri7tian of: the teat equlpnent and drawings  of the 
1-16 jet-propuleion W i n e  a m  presented in reference 1. All of the 
rune were made with an exhaust-jet  nozzle having a cram section. of 
approximately 120 quare inches except me run i n  which a nozzle hm- 
iw a cmas section of 114 square Inclme was used. The standard fuel- 
injection nozzles f o r  the engine (21.5 gai/hr, €30' spray angle) ware 
used fn  the  investigation. 

The phyeical proprties and chemical composition of the   tes t  
fuels - keroeene, Diesel fuel o i l ,  toluene, xylene, 62--octahe gaso- 
line, a cannercia1 Holvent desiL;nated aolvent 1, and Am-F-92 (JP-I) - 
are lfsted In table I. The c m e r c i a l  solvent w e d  i n  t b l a  Fnvestiga- 
t ion  wae part of the erne batch (solvent 1) used for the  study 
reyorted in reference 1. The particular  fuels used were selected  to 
determine the  effects of vo la t i l i t y  and composition on carbon deaoei- 
tion. The over-all boiling range represented by the fuels is appoxi- 
'mately UOO t o  WOO F. 

Teste were made at  conditione appmxlmating zero ran a t  e88 Level 
for the 1-16 Jet-propulsion engine. For each fusl the rotor s p e d  WRB 
held approximately  canstant a t  16,000 r p  (indicated) for 2 houre. 

The carbon deposited on the canbustian-chamber liners WEIS deter- 
mined by weighing the  linere  before a n d  a f t e r  each run. Carbon 
dqoa i t a  were removed by immersing the l i ne re  i n  a bath containinp; 6*N 
(approximately) hydrochloric acid mahtained at a temperature of W O  F. 
Frcm 6 to 9 hours were required t o  remove a l l  carbon (end oxides) and 
t o  leave a clean surface. After this treatment  the surface of the 
liners had an etchsd appearance diet inct ly   different  frm that of n e w  
linere; consequently, before we new liners were treated Fn t3e acid 
bath t o  obtain an etched surf'ace. 
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DISCUSSION OF RESULTS 
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Reproducibility of data. - Reeulta of four r m  with kerosene 
and two runs with Diesel fuel oil at  substantially  the erne cor&.- 
tims are presented In figure 1. Although the reproducibflity. of 
carbon deposits in the Fndividual cmbuetion-chamber l iners  was very 
-or, the   total  weight of carbon deposited in all liners of the engine 
vas remarkably cornistent. For the four kerosene r m  (fig. l(a)), 
the range of t o t a l  carbon' deposited was approximatelg 105 to 119 
grams; f o r  the w3th Diesel fuel o i l  (fig. l ( b ) ) ,  the total car- 
bon deposited was 356 and 379 grams. The aver- tail-pipe  tempra- 
ture observed in  these tests W ~ S  1090' F. 

In general, the larger quantitiee of carbon were found i n  
liners 5, 6, and 7, which are at the  bottm. of the engi-ne; however, 
in the runs with Diesel f w L  o i l  ( f i g .  l (b) )  relatively heavy 
deposits also occurred in lfner 4 (m 12) and liners 1, 2, and 9 
(run 9). 

Reduced exhauet-jet-nozzle area. - One keroeone carbon- 
desosition run was conducted with. an exhaust- j e t  nozzle having 8 

t-itg of carbon obtained wae 260 grams, or  more than twice the amount 
found in   the  with the 120-square-inch exhawt nozzle  (fig. l(8)). 
Eigher burmer operating temperatures, M i c a t e d  by en increase of 
140° F fn the tall-pipe t f3r tpratw,  mag have  cauffed the excess i~e  
caz3on degosition. 

cross-sectianal area Of about 114 SqUare inches (fQ. 2). The qua31- 

Fuel comparison. - The d ia t r ibu t im  of carbon deposits among 
the individual combustion-chamber l inere for each of the 8even f u e l 8  
is presented in figure 3. The t o t a l  carbon deposit fo r  each f u e l  ie 
also indicated., The trend of heavy carbon a p e i t i o n  In the lower 
liners, which wae found when kerosene was used, cannot be generally 
eslticipated. Some of the  l iners  wsrped excessively in the rum with 
the two aromatic fuels, xylene and toluene. This w a r p i n g  did not, 
in general, accompny heavy carbon deposition. 

The re lat ion of the t o t a l  carbon deposit t o  the v o l a t i l i t y  and 
the  aromatic  content of each fuel is shown in figures 4(a) and 4(b), 
respectively. Frm a cornpariaon of these figures, the  aromatic 
content of the fuel (except t9at of Diesel fuel o i l )  appars t o  have 
the  greater  effect in inducing the formation of carbQn. Diesel fuel 
o i l ,  with a re lat ively low arcmatic  content and 8 high fFnsl boilfng 
point of approfinately 680° F, produced  carbon deposita exceeding 
those  resulting from 100--percent arcanatic fuels. 
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A photograph of combustion-chamber liner 7 a f t e r  a 2-hour run 
(rua 12) with Dieae l  f u e l  oil. f a  presented in figure 5. About half 
of the croae-sectional area of t h e  liner is blocked by the excoasive 
carbon f omation. 

A n  investigation of carbon deposition  canducted in &z1 1-16 j o t -  
propulsion engine at static sea-level conditione indicated that: 

1. With the exception of Dieeel f u e l  051, carbon depositfan 
increaeed w i t h  increasing aromatic  content of the fuol .  A Diesel fuel 
o i l  with an aromatic content of 19 parcent produced carbon  deposits 
exceeding thoee resulting from 100-percent  aromatic fuels , 

2. No definite mlatlon beheen csrbon deposition and volatility 
'w&8 established. 

Aircraft Engine Xesearch Laboratory, 

Cleveland, Ohio. 
National Advieory Committee for Aeronautice, 

c 

1. Bolz, Ray E. ,  end. Meigs, John B.: Fuel Tests on an 1-16 Jet- 
FropulEiion Englne at Static Sea-Level Conditians. NACA RM 
NO. ED019 1947. 
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ptv- range 
oifiu 

( O F )  1-b. 

338-529 0;805 
384-680 . a38 

224-228 

.702 U.0-224 
-807 273-278 
.871 

307-382 
.732 320-453 
.769 

lTy&z*o- 

(Btu/lb r a t io  
value ombon 
heat trig gen- 
Lower 

0.176 38,500 
.156 lS,400 

.096 17,500 
2 0 6  17,600 
.182 

18,500 .EO 
18,800 .174 

13,000 

.~ 

,34 51 

76 22 

61 38 

'Armtic analyses obtained by A.S.T.M. method ES 4%. 

Nationd Advisory Ccmmittee 
for Aeronautics 
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Total carbon deposlted, grams 

(b) Ammatlo content. 

Flgure 4. - Comparison of total carbon deposlted I n  combustlon-ohamber liners 
from 1-16 engine uith fuel aharsoteristics. 
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F i g u r e  5 .  '- C o m b u s t i o n - c h a m b e r  l i n e r  7 f r o m  1-16 e n g i n e  a f t e r  
2 - h o u r  run w i t h  D i e s e l  f u e l  o i l  ( r u n  1 2 1 .  
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